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IN TRODUC TION 


The oodl moth (Carpocapsa pomonella Le) is the 
most iajurious seat enemy of apples and pears in the United 
States. Hyslop (6) estimates that the average annual loss 
caused by this insect in the United States is $15,500,000, 
and that the average annual cost of controlling it is 
$17,500,000, making a total cost of $31,000,000. Much experi- 
mental work, designed to improve the means of control, is 
therefore constantly being done. It is thus important that 
accurate and dependable experimental methods be used by inves- 


tigators. 


A combination laboratory and field method for testing 
codling moth insecticides has been in use for some years by 
Steiner (8) with very dependable results. Several methods 
adaptable for use in the orchard alone have been employed, 
notably those described by Marshall end Groves (7), Cutright 
and Diets (2), and Hansberry end Richardson (4). 


The purpose of this circular is to present the methods 
used by the Bureau of Entomology and Plant Quarantine in 
orchards in the Pacific Northwest, in the belief that they 
will be of value to other investigators in this field, parti- 
cularly in the West. 


DESIGN OF EXPERIMEN TS 


Variation is an inherent part of biological experiments. 
There is also the variation which the investigator introduces, 
and the effeot of which he wishes to measure. In order te do 
so, he must know something about the inherent variation in 
order to reduce it as mich as possible. 


In experimenting with the codling moth, the inherent 
variation due to the host, or tree, oan often be greatly re- 
duced by choosing trees for the experiment that are as near 
alike as possible in variety, sise, vigor, and load ef fruit. 
Even when this has bee done, there is still a variation in 
infestation, both from tree to tree and within the tree. 


Variation within a free 


Variation within the tree refers to the different 
degrees of infestation that may be found in different parts 
of the tree. Fruit in the tops of sprayed trees is often 
wormier than that in the lower parts. For example, Childs (1) 
indicated in 1920 that apples ng above the 12-foot level 
on sprayed trees may be from to 5 times as wormy as apples 
growing less than 12 feet from the ground. 


Ascles frem a mmber of Rome trees in three sprayed 
plete were examined at Yakima, Wash., separate records being 
képt of the fruit above and below @ line 10 feet from the 
ground. The trees were 20 to 25 feet high. The mmber of 
worms per 100 apples in the upper parts of the trees ranged 
from 1.9 to 7.3 times as many as in the lower parts, probably 
because the upper parts were less thoroughly sprayed. There 
was very littie difference, however, in the total mumber of 
injuries (worms and stings) in the upper and lewer parts of 
the trees, the upper parts having an average of 1.2 times as 
many injuries per 100 apples as the lewer parts. This was, of 
course, because there were fewer stings in fruit over 10 feet 
from the ground than in that in the lower parts of the tree. 
This indicates strongly that most of the difference in infesta- 
tion between the horisontal halves of the trees was due to the 
difference in spraying rather than to any inherent difference. 
There is some evidence, also, that there my be some differmeoe 
in infestation in the different vertical portions of a tree. 

. These variations make it necessary, in making determinations . 
. of the infestation resulting from different spray treatments, 
to use a representative let of fruit from all parts of the tree. 
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Tree-to-Tree Variation 


Tree-to-tree variation is illustrated in figure 1, A, 
which represents an apple orchard, the individual trees being 
represented by the percentages of wormy fruit on those trees 
at harvest. The trees were sprayed as uniformly as possible 
with lead arsenate, and yet there is not only much variation 
in the pereemtage of wormy fruit between the center of the 
orchard and the left and right edges of it, but also some var- 
iation between adjacent trees. 


Most of these trees were sprayed in this manner for two 
successive seasons in order to find out whether certain trees have 
a tendency to be wormy year after year. The percentages of wormy 
fruit on 60 of these trees in the two years had a positive ocorre- 
lation of 0.460. Even though this is significant, the excep- 
erp to this tendency comprised at least 50 percent of the 

trees (fig. 2,4), and this would interfere seriously with trying 
to determine any expected infestation of a particular tree. 


It mi ght be thought that this lack of high correlation 
was due te variation in the sise of the crop, and some of it my 
have been, as there was much more variation of this kind the 
second year than the first. The coefficient of correlation between 
worminess and sise of crop the first year was only -0.145, which 
is not significant, and the second year it was -0.412, which is 
significant. The first year the crop on 80 percent of the trees 
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renged between 1,500 and 2,700 apples per tree, not a very 
great variation, but in the second year it ranged between 

200 and 1,600 apples per tree on the same pereentage of trees, 
a much greater variation. Apparently not much correlation be- 
tween worminess and crop size may be expected, unless the 
variation in the latter is considerably more than 100 percent, 
as it was the second year. 


A comparison was made of the worminess on the trees 
having a variation in crop sise of not over 100 percent in the 
two succeeding years (fig. 2,B), and it is evident that the 
degree of worminess on these trees the second year could not 
have been accurately anticipated. 


Variation between trees is greater than variation within 
trees, snd it is therefore important to have the trees used for 
measuring the value of a treatment scattered at random through- 
out the experimental orchard, and to use enough trees to over- 
come most of this variation. 


Number and Arrangement of Replicates 


A study was mde of the number and arrangement of repli- 
cates in the uniformly sprayed orchard just discussed. Four 
arrangements of seven hypothetical treatments were made (fig. 1, 
A, B, C, and D) to determine which one would result in the least 

erent variation. Since all the trees were sprayed alike, 
these hypothetical treatments were not actually different, and 
therefore, if they were properly arrenged, there should be no 
significant difference between them in spite of the great tree- 
to-tree variation in this orchard. fwelve trees were included in 
each of the seven hypothetical treatments in arrangements A, B, 
and C, thus using all of the 84 trees, but in D only 8 trees, 
chosen at random, were included in each treatment. In actual 
practice it is often desirable to omit certain trees which may 
be emakl, or of some other variety, or which may have a light 
crop, se this arrangement is not an unusual one. The trees 
not used in D are indicated by the letter X. 


An analysis of variance was then made for each arrange- 
ment, since this era yaten) method separates the variation due 
to different causes. Arrangement A is an unrepjicated set-up 
of sevén treatments, each composed of a compact group of 12 
trees; arrangement 5B is similar except that the 12 trees are for 





2/ For further imformation on the analysis of variance and 
on correlation the reader is referred to "Statistical Methods", 
by Geo. W. Snedecor, published by Collegiate Press, Inc., 

Ames, Iowa. 
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the most part in a double row. Statistical analyses show a 
highly significant difference between treatments in both 
arrangements (table 1), which cannot be true, since all trees 
were sprayed alike. This treatment difference shows that 
there is an area difference in worm population within the 
orchard. Hence neither of these arrangements can be depended 
on to show the actual value of treatments, although they have 
been much used in the past and are still used to mme extent. 
The need of replication is evident. 


One of the better replicated arrangements is that shown 
in C, where each of seven treatments comprises four replicates 
of three trees each. No significant difference can be shown 
between the treatments in this arrangement; and the difference 
between the four blocks, each of which contains one replicate 
of each treatment, only approaches significance. 


Table 1.--Analysis of variance of four 
arrangements of codling moth treat- 
ments in an apple orchard. 

















Degrees 
Arrange- Source of variation - Sum of Mean 
ment f squares square ay 
reedom 
A Total 83 3,486 <--- =~ 
Between treatments 6 1,289 215 7 4 %* 
Between trees within 
treatments 77 2,197 29 oo 
B Total 83 3,486 wes =e 
Between treatments 6 1,523 221 7 89% 
Between trees within 
treatments 77 2,163 28 ne 
Cc Total 83 3,486 wow os 
Between treatments 6 550 92 1-88 
Between blocks bef 452 161 5.08 
Interaction (error) 18 873 49 — 
Within replicates 56 1,611 29 oe 
D Total 55 1,917 one =e 
% Between blecks 7 595 85 5.424% 
Between treatments 6 280 47 1.88 
Interaction (error) 42 1,043 25 ~~ 


**Bignificant at odds of 99 to l. 
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Explanation: ‘he meen square is the variance, and F is the 
ratio of variance due to two causes. In A, for example, 215 is the 
variance between treatments and 29 is the variance due to other 
causes; 215 divided by 29 gives 7.41, which is highly significant 


at odds of 99 to l. 


The greater variance between parts of an orchard than 
between adjacent trees, mentioned earlier, and often noted in 
studies of codling-moth control, has led to the use of a still 
different set-up, shown in D (fig. 2). Here each treatment is 
replicated eight times on single trees, scattered over the 
orchard so that one tree is in each of the eight blocks shown 
in the figure. From the standpoint of accuracy, this arrange- 
ment is fully as good as C, if not better; and it is a better 
arrangement from a practical standpoint, since only two-thirds 
as many trees are required to get dependable results. It has 
been successfully used for two seasons, in making comparisons 
of 7 to 12 treatments. It is probable that a somewhat larger 
number of treatments could be compared accurately, although 
the number should be limited to what can be studied adequately. 
Unsprayed checks are usually unnecessary and are undesirable, 
as they would be likely to become so wormy that they would 
influence the results. A standard treatment, such as one 
commonly used by growers in the area, should be included as a 
check on the experimental treatments. 


By using an arrangement such as D, then, accurate re- 
sults may be obtained in an orchard having much variation in 
infestation, ranging in this case from 1 percent to 39 percent 
~womy fruit. 


METHODS OF SPRAYING 


A portable spray machine is the most convenient type for 
experimental spraying in the orchard, since relatively smll 
quantities of material may be used in it. Some acourate method 
of measuring less than full tanks should be provided, either in 
the form of a measuring stick or of petcocks set in the end of 
the tank at different levels. The accessory equipment and the 
pressure @hould approximate those used by good growers in the 
area. 


Under the arrangement of replicates described above, the 
individual trees to be sprayed alike will be scattered over the 
orcharde The most convenient method of spreying such a set-up 
of trees is to place the spray machine at a place where water is 
available, lay pipes from it into the experimental block, and 
use it as a stationary outfit. The pipes and outlets should be 
placed so that all trees can be reached with 100 or 125 feet of 
hose for each gun. If there are two operators, there should be 
two leads of pipe so that one man can work from each lead. 
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The time required to do this experimental spraying 
will vary with the size and number of trees used, and the 
equipment availablee When using a 300-gallon stationary 
outfit as described above, and spraying 8 large trees re- 
quiring 30 to 40 gallons per tree, two men can complete a 
treatment in about am hour. A set-up of 7 to 12 treatments 
ean thus be sprayed in 1 to 1s days o 


Since different materials «re used for the various 
treatments, care must be taken that the trees are sprayed with 
the correct material. Tags of different colors, carrying the 
mumbers assigned to the treatments, are helpful in locating 
the trees. If materials having dissimilar appearance or odor 
are used in succession, the operator can easily tell when the 
new material has reached the gun. In moving the hose from an 
outlet near the sprey tank to one farther away, it should be 
remembered that the material in the pipe between the two out- 
lets is not the new materiel, and the more distant outlet 
should therefore be opened and the old material run out before 
the hose is attached. 


EXAMINATION OF FRUIT 
Preliminary Examinations 


Preliminary examinations of the fruit on the trees my 
be made at any time to determine tentatively the relative 
walue of the treatments. It will suffice to walk around the 
tree, examining only fruits that can be reached from the 
ground, jotting dom at intervals in a notebook the number 
examined and the number that are wormy and stung. In 2 exan- 
inations of this type, made in June, records were compared 
from 3,200 apples examined from the ground and from 6,400 
apples from the entire tree. The apples examined from the 
ground averaged 2.5 and 3.0 percent injured, and those from 
the entire tree averaged 3.5 and 4.4 percent injured, respec- 
tively. The records of the fruit examined from the ground 
tell the same story as those from the entire tree, except 
that the percentages are lower. 


An examination of 100 apples per tree in this manner 
will be sufficient. To test this, three lots of 100 apples 
on each of 12 trees sprayed with lead arsenate were examined 
in June, with the following results: 





Percent Peremt 

WOrny Stung 
Lot 1 0.0 Se2 
Lot 2 Ool 209 
Lot 3 ‘oP | 3.8 


Average Oel 5.35 
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The variation is not great enough to make it necessary 
to examine more than 100 fruits, and if less than that number 
can be reached from the ground, it is possible to get a very 
good idea of the relative infestation by examining 50 fruits 
from each of 8 or more trees. In these preliminary examina- 
tions, it is not possible to distinguish accurately between 
‘worms and stings, and it is usually advisable merely to record 
the percentage of injured fruit or the number of injuries per 
106 fruits. If more accurate records are desired, the fruits 
may be tagged, and at subsequent examinations accurate deter- 
minations may be made of the injuries recorded earlier. 


Thinned Fruit 


The thimed fruit, which is taken from the trees in June 
or July, may be disregarded in making records of infestation. 
It is ordinarily removed before there is very mich infestation. 
In one instance, for example, the thinnings from two treatments 
were only 0.8 and 0.6 pereent wormy, respectively, and yet the 
harvested fruits from the seme treatments were 22 and 65 per-= 
cent wormy. 


The quantity of fruit that is removed by thinning may 
range from none to at least 65 percent of the total crop, and 
this variation would influence the results if records of thin- 
ning were included. In figure 3 the percentages of wormy fruit 
from some actual treatments are shown. In orchard A, from 28 
to 40 percent of the crop was thinned from the various treat- 
ments, and there was a very high correlation between the pereent- 
age of harvested fruit and the percentage of total fruit that was 
wormy.e In orchard B, where the range in the percentage of the 
crop that was thinned was greater, the correlation was not so 
goode ‘treatments 7, 9, and 10 are out of line as regards records 
from tot. fruite The percentage of the crop thinned in these 
treatments was so high (49 to 56 percent) that it materially 
lowered the average infestation, as compared with the other 
meeecit where the thinned fruit was only 20 to 40 percent of 

6 ale 


In orchard A there would have been no need to take re- 
cords of thinnings, as the conclusions drawn would be the same 
whether they were taken or not, and in orchard B the large varia- 
tion in the pereentage of the crop thinned introduced a definite 
error which might have influenced the conclusions drawn, if the 
records from the thinnings had been inoluded. 





@- 9 a 


Dropped Fruit 


Separate examinations of dropped fruit, coming from the 
trees between the time of thinning and harvesting, are usually 
not necessary in arid regions. The fruit does not rot rapidly 
and it is usually in recognizable condition at harvest, when it 
may be gathered, along with fruit dropped by the pickers, and 
put in boxes, and a proportionate quantity of it may be included 
in the sample taken from the crop as a whole. 


Hansberry (3), examining data from 48 apple trees in 
Iowa, found a very “high correlation between worminess with and 
without the inolusion of drops,” and concluded that dependable 
resuits could be obtained by examining only the harvested fruit. 
At Yakima, Wash., an examination of the separate records of 
dropped and harvested apples from 4] trees showed a correlation 
between worminess, with and without the inclusion of the dropped 
fruit, of 0.949, which is highly significant and thus substan- 
tiates the above conclusion. Separate examination of the dropped 
fruit therefore appears to be unnecessary, except that it might 
be advisable if there is a large amount of it or if some other 
unusual condition exists. 


Harvested Fruit 


Harvested fruit should be examined rapidly in order that 
the grower may remove it promptly from the orchard. It is im- 
portant that only enough be examined to get an accurate deter- 
mination of the infestation or other effect of the treatment, 
as handling is likely to affect the quality somewhat. Since 
variation within the tree is less than that between trees, it 
is less important to examine all the fruit on each tree than to 
examine some fruit from all the trees, provided a representative 
sample is taken. 


In the West it is customary to pick fruit into a bag or 
tuckeb holding about a bushel, which is then emptied into a 
bushel boxe Thus each box will normally contain fruit from a 
restricted portion of the tree, and a sample made up of about 
equal numbers from each box will be representative of the 
entire tree. If the dropped fruit is placed in boxes before 
the sample is taken, this part of the orop is also included. 
Since the actual number of fruits per box will vary somewhat, 
it would be a little more accurate to take an equal volume from 
each box. If done carefully, this would be slower than taking 
an equal number, and the latter method has been found to be 
accurate by comparing it with the method of examining all the 
fruits from a good many trees. 
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An estimate of the total number of fruits on the tree. 
should be obtained before the sample is chosen, since compari- 
sons of the size of the crop in the different treatments are 
desirable. Counts were made of various proportions of the 
total crop on sprayed trees compared with the actual total, and 
it was found that if the fruit in 25 percent of the boxes, taken 
at random, was counted, the error would not average over 40 
fruits per thousand. Since the error might be either plus or 
minus, the average error for a number of trees receiving the 
same treatment should not be over 1 percent, which is not large 
enough to affect the results materially. It is therefore suffi- 
cient to count 25 percent of the fruit to cbtain an accurate 
estimate of crop 8126. 


After this count has been made, the sample may be taken, 
and there is an advantage in having each sample consist of 
exactly the same number of fruits, as computation of the data 
is simplified. Any reasonable number will do, and the Bureau of 
Entomology and Plant Quarantine has used samples of 250 fruits 
for determining the percentage wormy and stung, and semples of . 
50 injured fruits for determining the number of worms and stings 
per hundred fruits. If a more accurate estimate of the latter 
4s desired, all the injured fruits in the sample of 250 may be 
scored for number of worms and stings. 


Before deciding on these numbers, a study of data from | 
various apple orchards wes made in the Bureau, and by caloulat- 
ing standard deviation the sampling error of one or more lots of 
50 apples taken from different population levels was determined. 
It was found that little practical reduction of the sampling 
error was obtained at any population level by using more than 
250 apples to determine percentage of injuries, or more than 50 
injured apples to determine the average number of injuries per 
hundred apples. This conclusion was checked in the field by 
comparing results obtained from 250-apple samples with those 
obtained from the entire crop from a good many trees, as men- 
tioned abovee The sampling method was found to be accurate 
workable, and economical of time. ; 


If there are 25 boxes of fruit to be sampled 

of 250 apples will of course be obtained by Bye 10 eae 
random from each boxe. If the number of boxes is not evenly 
divisible into 250, it is still practicable to take a sample of 
pane ee A 250 fruits. For example, if there are 14 boxes, 18 fruits 
en from each box, making 252, and then 2 are put back. If 
Lappe are 19 boxes, 13 fruits are taken from each box, making 247 

then 3 more are chosen at random from the boxese In other ; 
maraes @ number which will most nearly total 250 is taken from 
oe Bex and then enough fruits are added or taken away to bring 

semple to gust 250. By working out these numbers in advance 
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for any number of boxes likely to be encountered and providing 
each observer with a card showing the numbers to be taken as 
well as the number to be added or subtracted, samples of 250 
fruits can be taken accurately and without loss of time. A 
portion of such a table is shown below: 


Number Number of Number Number Number of Number 
or fruits taken added or of fruits taken added or 
boxes from each box subtracted|] boxes from each box subtracted 





The sample can be conveniently checked by a crew of 
three observers, two making the examination of the fruit and 
the third recording the results of the examination on tally 
sheets or field record sheets (fig. 4). The fruit is exan- 
ined one at a time, the observer calling out the condition 
of each fruit so that it can be recorded. Detailed records 
of each injured fruit are kept on the right-hand portion of 
the tally sheet until 50 such fruits have bem recorded. 

The rest are then recorded on the left-hand portion. 
(Details of recording the data are given on page 15 under 
"Methods of Recording Data"). If the fruit is lightly in- 
fested, two observers can work about as fast as three, one 
of them not only examining fruit but also making the records 
for both. Other methods of scoring or tallying the fruit, 
such as by means of a bettery of tally registers, one for 
each type of record desired, may be used, and some of these 
methods are described by Cutright and Dietz (2) and by 
Hansberry and Richardson (4). 


Three men can sort out and examine a sample of 250 
fruits in about 15 minutes, and the estimation of the total 
number of fruits should not take more than another 5 minutes. 
It will take 15 or 20 minutes for two or three men to grade 
the fruit for color, if that is to be done, as mentioned on 


page 17. 


Acouracy of Observers 


The acouracy of the observers should be carefully 
checked before the actual examination of fruit begins, end 
in the case of inexperienced men some training will be neces- 
sary. For this purpose, a lot of 100 apples, inoluding a 
considerable mmber injured by the codling moth, should be 
laid out in rows on a table out of doors or in a room where 
there is plenty of sunlight. Each apple should be oarefully 
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by at least two experienced observers, in the manner 
ey +3 be used in practice, and an agreement reached as | 
to the exact number of wrms and stings on each apple. Then 
the other observers should score the apples, and their re- 
sults should be compared with the actual condition of the 
fruite If care is taken to keep the apples in the same rela- 
tive positions on the table, it is then possible to go back 
and show each observer just where he made mistakes and why. 


In testing the accuracy of observers, it has been 
found that errors made by experienced men often cancel each 
other out, and that the final result on 100 or more apples 
4s likely to be quite accurate. This is show in table 2. 


Table 2.-~-Average percentage variation from 
correct score of percentages of wormy and 
stung apples and numbers of worms, stings, 
and total injuries found by six observers 





Observer Wormy Stung Worms Stings Injuries 





+004 -4.5 =-2 eS -18 eS -l1 eS 
“6.7 e165 16.6 -10.0 
+0.0 +405 -7el =225 ~4o4 
+1leT ~-5e3 +205 15.5 77 


OQ oy be 
re 
© 
Qo 





Average +007 95.00 -2el 1502 =§ 04 








B ~209 = t4eT = -1907 -6 02 “1201 
F +704 1400 +604 2604 -12.0 





Observers A to D had had several years' experience, and 
their scores did not wary from the correct score mough to 
affect conclusions drawn from the results. Observer 5 was 
less accurate in scoring worms but scored the stings about as 
accurately as the more experienced men. Observer F was as 
accurate as E in total injuries, but had a tendency to call 
some of the stings worms, that is, he recorded more worms and 
fewer stings than the others did. It was found that most of 
the errors made were due to wmcertainty as to whether to re- 
cord a given injury as a worm or a sting, or due to overlook- 
ing small stings. Such tendencies can be more or less correc- 
ted with a little practice. The distinction between worms and 
stings should be thoroughly understood, as well as the impor- 
tance of recording all stings, no matter how small. A good 
way of differentiating worms from stings is to consider as 
worms all injuries having a surface diameter of more than one- 
eighth inch or that are so freshly made that it is evident 


— 





————— Se 
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the worm is still alive, and to consider all other injuries 
as stings. It will help the observer to cut open some apples 
after he has scored them in order to verify his decisions, 
although a practice cannot be made of doing this in the 
course of regular examinations of fruit. Actually, however, 
with the scores shown in the table, and with fruit that was 
10 percent wormy, observer E would have recorded 9.7 percent 
wormy fruit, and observer F, 10.8 percent wormy fruit, 
neither of which is a very serious error. 


A very interesting point is shown in table 2, namely, 
that there is more accuracy in recording percentages of wormy 
and stung fruit than numbers of worms and stings. The ex- 
perienced observers averaged three times as far off on number 
of worms as on percentage wormy, and more than four times as 
far off on mmber of stings as on percentage stung. It is 
also evident that the average of the records of several ob- 
servers is likely to be more nearly correot than the record 
of any one observer. If the four experienced observers had 
examined about equal proportions of the sample fruit from a 
treatment that had 10 percent of wormy apples and 30 percent 
of stung apples, they would have recorded the fruit as 10.1 
percent wormy and 29.1 percent stung. If 10 worms and 30 
stings per hundred apples had been present, they would have 
recorded 9.8 worms and 26 stings. 


METHODS OF RECORDING DATA 


The amount of data recorded from the fruit depends on 
the information desired. The simplest record would consist 
only of the total number of fruits and the total number of 
wormy fruits, from which the percentage of the latter could 
be figured, 


In most tests of insecticides, however, it is impor- 
tant to record both wormy and stung fruits, as some materials 
reduce the number of stings mich more than others, This may 
be done by recording as wormy all wormy fruits, and as stung 
all fruits that are stung but not wormy, the total of the two 
being the total injured fruits. But it is more accurate to 
record separately all the wrmy fruits and all the stung 
fruits, regardless of whether the other type of injury occurs 
on them, and to record also the fruits that are both wormy 
and stung in order that the aggregate of injured fruits my be 
computed. It is often desired to know, also, how many worms 
or stings there are per 100 fruits, and this requires a record 
of the total number of worm entranc<5 and stings. 


Whether the investigator should record the percentage 
injured or the mmber of injuries per 100, or both, depends on 
the use he is to make of his results. If he desires them 
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chiefly for practical use in showing fruit growers what to 
expect from various treatments, then percentages should be 
used, since they show the effect on the crop from the stand- 
point of yield. As already indicated, also, it is possible 
for observers to record the peromtage of wormy and stung 
fruits more accurately than the number of worms and stingse 
If the figures are to be used for making careful scientific 
deductions, then the number per 100 fruits is more desirable. 
In the case of heavy infestations, the intensity of attack 
can be better differentiated, and it is also possible to 
calculate from these numbers the total number of worms and 
stings per tree, should that information be desired. 


As a matter of fact, the correlation between percent- 
age of wormy fruits and number of.worms per 100 fruits, etc., 
is so high that usually the same conclusions are drawn from 
either method. For example, the records from 219 trees hav- 
ing a maximum of 25 percent of wormy apples showed the highly 
significant correlation between percentage wormy and number 
of worms per 100 apples of 0.950. 


Field Record Sheet 


Printed or mimeographed field record sheets are con- 
venient for recording data in the orchard, especially if tally 
registers are not used, as mentioned above. A form commonly 
used in the Bureau of Entomology and Plant Quarantine is 
showi in figure 4, and this has been filled out in facsimile. 
of an actual record sheet from an insecticide experiment. A 
supply of these sheets can be carried on a clip board, a 
separate sheet being used for each tree. 


At the top of the sheet are the initials of the obser- 
ver who made the record, followed by those of an observer who 
assisted. This record is sometimes of use in correcting 
errors or doubtful entries. The other entries at the top are 
self-explanatory, “plat” in this case being synonomous with 
"treatment." 


When the examination of a sample is begun, each injured 
fruit is scored on the basis of actual number of worms (W) and 
stings (8), and these are recorded in the right-hand block of 
squares until 50 injured fruits have been examined. Each ver- 
tical pair of squares is used for recording 1 fruit. In this 
case, the first 5 injured apples examined each had 1 wrm, the 
fourth had 2 worms and 1 sting, etc. The remaining fruits are 
then merely scored as “wormy" (W), "stung" (S), or "both" (B), 
and these records are placed in the left-hand block of squares, 
In this case, among the apples that were left, there were 6 
wormy, 2 stung, and 2 both womy and stung. 
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Previously, the number of boxes and number of fruits 
counted have been recorded below the righthand block of 
squares. Is this instance there were 20 boxes of picked 
apples and 3 boxes of windfalls, the latter totalling 657 
apples; and 5 boxes containing 905 apples were countede 
These figures, and the number of apples in the sample, are 
all that need be mtered during the field examination. 


At some convenient time, usually after the harvest is 
over, the computations show are madee First, the total 
worms end total stings in the right-hand blook are calculated, 
as well as the total wormy and stung fruits and the averages, 
expressed as worms per wormy apple, stings per stung apple, end 
injuries per injured apple. Then the total wormy and stung, 
4n this case 36 and 24, are entered in the appropriate col- 
umns in the left-hand block, and the total clean, wormy, and 
stung apples in the amtire sample are calculated, as well as 
the percentages. In this example there were 44 wormy and 28 
stung, or a total of 72; but two apples in the leftehand 
block and 10 apples in the right-hand block, or a total of 
12, were recorded as both wormy and stung, hence there were 
only 60 different wormy end stung apples, leaving 190 clean. 


In the lower part of the form the aversge mmber of 
apples per bushel is etered, computed from picked fruit 
only, since dropped fruit is usually chriveled and small, 
and also the total numbers of apples in the various sate- 
epries are show. "Total worms,” for example, is obtained 
by maltiplying “apples wormy” by “averaze worms per wormy 
apple," in this case 751 x 1.33 = 999. A simpler form 
eould be used if only percentages were desired or if tally 
registers were used. 


Summary Sheet 


Further calculations are made on another form, called 
® summary sheet (fig. 5). This sheet may be used for sum- 
marizing data from dropped fruit and harvest examinations 
from individual trees, and also for bringing together the 
date from all trees treated alike. In the example, the data 
from & trees sprayed with a treatment that was numbered 9 are 
shown. Referring to tree No. & it will be seen that the fig- 
ures, with the exception of those under the heading "Average 
Noe per 100 apples," have been copied from the field record 
sheet (fig. 4). These averages are obtained by dividing the 
total number of apples into the total of worms, etc. In this 
case the equation is 999 4 4269 x 100 = 23.4 worms per 100 
apples. the treatment totals are then calculated, the per- 
centages being simple averages. ‘The heading “Average No. per 
injured apple” refers to the type of injury listed in the sub- 
heading, and means “worms per wormy apple", “stings per stung 
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apple", and “4njuries per injured apple". If, however, this 
sheet is being used to obtain the season totals of samples of 
dropped and harvested fruit from a single tree, these percent- 
ages end averages must be weighted on the basis of the number 
of fruits in each sample, in order to give each sempling its 
proper importancee ‘The average yield in number of apples and 
number of bushels, and the size of the fruit, shown at the 
bottom of the sheet, are all simple averages, the latter being 
the average of the number of apples per bushel shown on the 
field record sheets for the trees included in the. summary. 


The method of obtaining data of this type is not accurate 
enough to warrant showing percentages or “average Noe per 100 
apples” to more than one decimal place. fhe "average Noe per 
injured apple” should be calculated to two decimal places, howe 
ever, in order to increase the accuracy of the calculations made 
from these figures. Much time may be saved by using a calculat- 
ing machine for the various computations. All results should be 
checked by another individual, and products and quotients may be 
quite accurately checked with a slide rule. 


METHODS OF DETERMINING EFFECT OF TESTS ON TREES AND FRUIT 


New materials or combinations should first be tested on - 
a tree or two, or even ou a branch if there is a possibility 
of more than nominal injury from theme The tests can than be 
enlarged if major injury does not occur. Materials should be 
tested on all the common varieties grown in the region, since 
instances have been recorded of a material causing practically 
no injury to some varieties of apples and serious injury to. 
others. Observations should be made for eeveral seasons and 
in more than one orchard, beceuse effects of the materials are 
very likely to be influenced by weather, cultural conditions, 
and the vigor of the trees. 


Frequent examinations should be made in order not to 
overlook any dropping of a portion of the foliage that may 
occur, which might result in smaller fruit. Premature dropping 
of the fruit should also be observed. 


Some materials may affect the size or color of the fruit, 
and a rough idea of the relative size may be obtained by cal- 
culating the average number of fruits per picked box from the 
counts that have been made. A more accurate method of comparing 
not only the size but also the rate of growth consists of making 
periodical measurements of selected fruits at intervals from the 
time thinning is done until harvest. This is done by taking the 
circumference with a steel tape graduated to millimeters. 

Harley end Masure (5) and others have used the rate of fruit 
enlargement "as an index of tree response to various factors 
affecting tree growth end behavior," and they consider it suffi- 
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cient to have complete records from 25 normal fruits from 
each treatment, distributed about equally on several trees, 
and as nearly the seme size as possible when chosen. To 
insure having this number at the end of the season, 30 to 

40 fruits should be included to start with. Figure 6 shows 
the results of such a series of measurements from two treat- 
ments, and it indicates that the effect on size was a gradual 
one in this instance. 


The color of fruits, particularly of red apples, may 
be affected by some insecticides. To determine this, the 
harvested fruit may be graded according to grading rules in 
force in the regione It is advisable to use all the fruit 
from as many trees as possible, as trees sprayed alike often 
prodyce crops with widely varying degrees of color. 


SPRAY DEPOSITS 


In making tests of insecticides, it is very important 
to have a chemist working along with the entomologist. Meth- 
eds of controlling the codling moth have reached the point 
where compatibility of materials and composition of emulsions 
and stickers are all-importent. An experienced chemist is 
required, not only to devise effective mixtures but also to 
determine the deposit of the toxic material on the fruit, for 
on the quantity of this deposit is dependent to a considerable 
degree the control obtained. For this purpose, chemical eoead J, 


ses should be made before and after each application of spray 


The development of spreaders and stickers may be cited 
as an example of the value of such chemical analyses. In this 
way it was learned that some spreaders caused the toxic mater- 
ials to run off the fruit, thus defeating their purpose. Means 
of correcting this fault were worked out, and now, for example, 
the deposit and control obtained from 1 pound of phenothiazine 
in 100 gallons are just as good as were obtained a few years 
ago from 3 pounds. 


PRESENTATION OF DATA 


Sufficient general information about the tests should be 
given to enable the reader to judge for himself the value of 
the results. This should include number and dates of applica- 
tions, methods of mixing sprays and of spraying, method of take 
ing results, and any pertinent information about the weather or 
other factors that might influence the results. Any effect on 
the trees or crop should be mentioned. The materials used 
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should be sufficiently described so the reader will know just 
what they are. Only results that are disoussed in the text 
should be shown in tables. A compact way of presenting a 
season's results from three orchards is shown in table 5 


(page 19). 


This table shows, among other things, that in two of 
the threes orshards there was no significant difference in 
results from lead arsenate with spreader and tank-mix nico- 
tine bentonite, as regards number of worms per 100 apples, but 
that there were fewer total injuries in the latter treatment, 
and in orchard C the number of these was significantly less. 
The conclusion from these particular tests wuld be that nico- 
tine bentonite, as used, was as good as lead arsenate with 
spreader in preventing worminess of fruit, and somewhat better 
in preventing stings. Percentages of wormy and injured apples 
could be shown in the same manner, but it should not be neces=- 
sary to use both methods of presenting results in the same 
publication. 


SUMMARY 


Because of the large amount of experimental work being 
done on the codling moth, it is desirable to have somewhat 
standardized methods of making orchard tests of inseoticides. 
Dependable comparisons may be made by spraying single tree 
plots replicated eight times, and a convenient way of doing 
thie is to lay pipes in the experimental block and use a 
portable spray machine as a stationary outfit. Preliminary 
indications of the value of the test materials may be obtained 
by examining 100 fruits per tree without removing then. Thinned 
fruit need not be examined, but fruit dropping later should be 
looked at unless it will remain in recognizable condition at 
harvest. Final determination of infestations may be made by 
examining a representative sample of 250 fruits from each tree. 
Two experienced men can make this examination in 15 or 20 
minutes. It is desirable also to make an estimate of the 
total number of fruits per tree and of any damage the insecti- 
cide may have done to the fruit on the tree. Data may be 
recorded on field record sheets and the desired computations 
made later and transferred to summary sheets for permanent 
record. Chemical analyses of spray deposits should also be 
made. Data may be presented in compact tabular form by 
showing only the number of worms and injuries per 100 fruits, 
and also showing the differences required for significance at 
odds of 19 to l. 
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Figure 2.--A, Percentages of wormy apples on 60 trees uniformly 
sprayed with lead arsenate in two successive years; B, same, 
including only trees having variation in crop size of not over 
100 percent. 
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Figure he« CODLING MOTH INVESTIGATIONS 
Field Record Sheet 


Name of observer CCA. DCN OE Date OCT 22 4942 | 
Type of examination HARVEST Locality Yakima, Wash. Orchard Le Vesconte 
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Total injuries 
Total injured 


Average 
Average insane 


No. Apples: No. Bushels 
in sample 250 in lot cenplet_ 207 7) 
per bushel__/ 57.6 comted 
Apples counted rH 8% 
TOTALS 
Apples: Total L269 Apples: Clean < ce 
Worny 75/ Total Worns 








CODLING MOTH INVESTIGATIONS Treatment 


Hane of observer E. J. Neweomer Locality Yakima, Wash. Orchard Le Vesconte 


Samay Cael 


Plat 9 Replication 


Percent of apples 


Winesap 


Variety 
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